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Abstract 
Within Australia over the last decade there has been considerable government rhetoric about impending shortages in the STEM 
workforce and the long-term impact on the future economy. Much of the data provided in government and industry reports allude 
to falling participation rates in STEM-related subjects and the inability of industry to employ suitable employees with the 
necessary skill-sets. In this theoretical paper, we explore these reports and the STEM literature to mine the data so as to highlight 
the inconsistencies and ‘smoke and mirror’ messages communicated in many of the findings. Initially, the participation rates of
students in STEM-related subjects both at secondary and tertiary levels are explored. Following this, the various disciplines or
fields of education comprising STEM are considered. Finally, in order to gain a broader and potentially alternative perspective,
economic measures including job availability and salaries are discussed in relation to STEM graduate destinations and 
employment. While Australia is the context for the discussion, reference is made to emerging data from other countries 
experiencing similar issues around STEM where applicable. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Over the next ten years, nearly half of all jobs will require education beyond high school, many requiring 
proficiency in math and science. And yet today we’ve fallen behind in math, science, and graduation rates.…If
we want to win the global competition for new jobs and industries we’ve got to win the global competition to 
educate our people (Obama, 2011). 
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A skilled workforce in science, technology, engineering and mathematics (STEM) is considered by many 
countries to be a high priority for guaranteeing future economic prosperity in a competitive global economy. Given 
this focus it is not surprising that primary and secondary education has been the prime target for many governments 
as a means of sustaining a ready pipeline of STEM graduates into the future. This global interest is demonstrated by 
the large-scale projects including Relevance of Science Education (ROSE) and Interests and Recruitment in Science 
(IRIS) and numerous research studies undertaken over the last decade to explore students’ lack of participation in 
science and mathematics, especially after the compulsory years of schooling. Importantly, Australia is no exception 
with many reports published during this same timeframe alluding to the impending demise of industry due to a 
‘STEM shortage’ of graduates (Australian Academy of Science, 2011; DEST 2006; Office of the Chief Scientist, 
2012a). However, when these reports are considered in relation to data from other research literature, a number of 
interesting discrepancies emerge highlighting the complexity of the STEM area and the need for greater clarity by 
governments in identifying and communicating the potential ‘real’ gaps in our future workforce. 
This paper explores the nature of the ‘impending’ STEM shortages in Australia using data from the literature 
focusing around three key areas: (i) participation rates in the sciences; (ii) variations in the way that that STEM is 
delineated or defined; and (iii) insights provided using economic measures including job availability and salaries. 
While much of the data reported is for Australia, reference is made to other countries where similar data is also 
emerging. 
2. Participation rates in the sciences 
A key piece of evidence used to support the impending shortages around STEM in Australia are patterns of 
declining participation rates of students in biology, chemistry, physics, and mathematics subjects in Year 12 from 
the early 1990s to the present (Ainley, Kos & Nicholas, 2008) (see Figure 1a). While this figure highlights a 
decrease over time, it is important to note the plateauing of enrolments in these subjects over the last 8-10 years 
thereby counteracting the notion of continuing decline as reported in recent government documents (Office of the 
Chief Scientist, 2012a). This leveling of participation is corroborated further using a recent analysis of data for Year 
12 science students in Victoria, which is the second largest state in Australia in terms of population. It clear from the 
data presented in Figure 1b that not only has the decline in Victoria halted, but demonstrates an increase in 
enrolments from 2010 in all the sciences. 
a b 
0 
5 
10 
15 
20 
25 
30 
35 
40 
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Su
bj
ec
t p
ar
ci
pa
on
 ra
te
 a
s %
 o
f t
ot
al
 
Biology 
Chemistry 
Physics 
Psychology 
0 
5 
10 
15 
20 
25 
30 
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Su
bj
ec
t p
ar
ci
pa
on
 ra
te
 a
s %
 o
f t
ot
al
 
Fig. 1. Year 12 enrolments in school science subjects as % of total student cohort (a) Australia; (b) Victoria 
Hence, the rhetoric from governments about continuing falling rates of participation in the senior secondary 
sector is not substantiated when scrutinized using recent national or state data.  
Analyses of longitudinal of data are useful for governments in providing some insights about general trends. 
However, in the case of falling participation in the sciences, this is usually explained as a lack of student interest in 
science subjects (Office of the Chief Scientist, 2012a, b; Tytler, Osborne, Williams, Tytler & Clark, 2008). 
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Importantly for Australia, there are a number of factors that have impacted these trends with no simplistic cause-
and-effect identifiable in the literature. One of the most critical factors is the increasing range of subjects made 
available to Year 12 students throughout the 1990s and early 2000s that generated competition across subjects 
within the same cohort of students. This point is exemplified in Figure 1a showing that increasing numbers of Year 
12 students enrolling in psychology (not considered a STEM subject even though it fits under the science umbrella 
in a number of states in Australia) coincided with a reduction in the number of students selecting senior biology in 
the early to late 1990s. Another major factor impacting participation at Year 12 was the waiving of prerequisite 
science subjects for entrance into most university degrees. For many students the question becomes: Why complete 
a science subject if not required for university entrance? Complicating student choice at this senior level is the 
Australian Tertiary Admission Rank (ATAR). This is an aggregate score of Year 12 subjects completed by a 
student, which is then used for university selection into various courses. The result is that many Year 12 students 
will select subjects where they are likely to gain a higher ATAR and so improve their ranking and chance of 
admission into highly competitive university courses (e.g. law in Australia). 
Participation can also be considered in relation to university enrolment. While a similar message emerges in most 
government documentation around falling enrolments in university STEM courses, data from the Office of the Chief 
Scientist (2012a) does not support this view. As presented in Table 1, the proportion of students enrolled in both the 
natural and physical sciences (NPS) (i.e., mathematics, statistics, physics, chemistry) and engineering and related 
technologies (ERT) has altered only slightly since 2002. While there was a slight dip in the percentage of enrolment 
for NPS between 2007-2008, the trend has been upward from 2009 onwards. As for ERT, the proportion of students 
enrolling in these courses has remained fairly stable over this same timeframe. 
Table 1. Commencing domestic undergraduate enrolments as a proportion of total enrolments for 2002-2010 
2002 2003 2004 2005 2006 2007 2008 2009 2010 
Natural and physical sciences 10.43 10.83 11.2 10.35 10.05 9.8 9.6 10.03 10.8 
Engineering and related technologies 6.1 6.2 6.16 5.8 5.9 6.1 6.3 6.1 6 
3. Defining STEM across the sectors 
As demonstrated in the psychology example above (Fig. 1a), there is a high degree of ambiguity in the way that 
STEM is delineated in Australia. In the secondary education sphere STEM incorporates mathematics, physics, 
biology, chemistry, geology and earth science with no mention of technology. Within the university sector these 
same subjects are included with the following possible additions - health professions (i.e., medicine and nursing), 
architecture, agriculture, and computing. The degree of diversity evident across documents is confusing. For 
example, few might consider agriculture to comprise STEM, yet this is how it is categorised in some reports (Daly, 
Lewis, Corliss & Heaslip, 2011; ABS, 2014) while being disregarded in others (Office of the Chief Scientist 2012a). 
Similarly, the inclusion or exclusion of medicine and the health sciences in the field of STEM varies in Australia. 
This is a substantive discipline area to include or exclude due to the sheer numbers of students or workers involved. 
So, while a recent document produced by the Australian Bureau of Statistics (ABS, 2014) around STEM excluded 
medicine and health statistics, they were included in a report by the Office of the Chief Scientist (2012b). Not 
surprising, these same inconsistencies emerge internationally with medicine aligned to STEM in China, Israel, New 
Zealand and the US but not in East Asian countries or Russia (Marginson, Tytler, Freeman & Roberts 2013). How 
do we then compare what is happening within STEM when there is no consistency in how it is delineated in terms of 
disciplines, which ultimately impacts the numbers of students or workers involved? 
Complicating this area further is not just the discipline included but also the type of education (i.e., university or 
vocational) and the level of education comprising a STEM student or worker. In a report by Healy et al (2012, p. 2), 
STEM was defined as “those [individuals with] a Bachelor Degree level or higher in one of the following fields: 
natural and physical sciences, information technology, and engineering and related technologies”. Here the emphasis 
is around university pathway STEM professions. Yet, in a report from 500 industry stakeholders in the same year, 
concerns were raised about the lack of workers with STEM skills for apprenticeships, i.e., those students pursing 
vocational level qualifications that are non-university pathways (Australian Industry Group, 2012). Hence, any 
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reference to the proportion of the population enrolled in or undertaking studies aligned to STEM will vary given the 
inconsistency around how STEM is defined, whether it is inclusive of university and non-university qualifications, 
and the fields of education actually reported in these data. 
Evidence of the ambiguity around STEM is rife – “Australia is relatively strong in participation in the sciences 
but weak in mathematics and engineering” (Marginson et al., 2013, p. 17). Again, what the report overlooks in 
discussing this statement are the specific areas of engineering that are experiencing shortages even though these data 
are available. Healy et al. (2012, p. 13) state quite clearly in their report that “civil, mining, mechanical and 
electrical engineers generally have low vacancy fill rates and few suitable applicants per vacancy”. In contrast, 
petroleum engineering positions are always filled with a very high number of applicants for each vacancy. However, 
the ambiguity extends even further with the Australian Industry Group in 2012 reporting that employers were 
experiencing extreme difficulty in recruiting people with STEM skills for a range of occupations while data from the 
Australian Bureau of Statistics for 2006-2011 identified a 14% increase in the number of jobs held by employees 
with STEM qualifications (ABS, 2014). Why is the evidence so contradictory? The point being made is that ready 
access to data from a variety of sources is extremely useful but unless the specific areas of need are clearly 
communicated to the populace and stakeholders, the government and industry rhetoric that there is a shortage across 
the board does little to address any ‘real’ gaps that very likely exist in the STEM workforce. 
4. Evidence from sources outside of the STEM field 
Access to STEM-based government reports and research studies in science education provide in most cases a 
‘STEM in crisis’ perspective. However, a broader investigation of the research literature highlights conflicting data 
that challenge these established perspectives. Li and Miller (2013) analysed Graduate Destination Surveys from 
1999-2009, which are completed by university graduates in Australia within four months of completing their course. 
Using modeling they found that graduates who majored in the natural and physical sciences (i.e., mathematics, 
statistics, physics, chemistry), agriculture and environment, society and culture were more likely to be over-educated 
relative to other groups. This means that there were more graduates than jobs available in these fields so the 
graduates were often employed in positions not related to their degrees. For those employed in the STEM area, the 
majority of natural and physical science graduates “earned about 5-6% less than their peers who studied 
management and commerce” (Li & Miller, 2013, p. 22). Given this background it is interesting to note that in 2011, 
the Australian government provided additional subsidies to the field of natural and physical sciences even though 
graduates had a high probability of over education. This accentuates how either the lack of access to necessary data 
or the ‘cherry-picking’ of data results in government policies that does little to address the actual STEM shortfall. 
As a contrast, nurses (aligned to the medical and health sciences so on the edge of inclusion or exclusion within 
STEM) during this same timeframe experienced low probabilities of over-education (Li & Miller, 2013), which is 
not surprising given the consistent demand for nurses across Australia. 
While corroborating these findings, Healy et al (2012) used a different measure. They considered the internal rate 
of return (IRR), which measures the difference between the cost of and the benefit from completing a specific 
qualification in Australia. In their analysis they found that the ‘science’ field showed the lowest rate of return in the 
STEM area (approximately 10-11%) compared to mathematics and statistics (12-13%), engineering (14-15%), and 
IT (15-17%). So currently in Australia, it is the IT field that attracts higher pay scales for workers while 
experiencing a very low rate of unemployment (Daly et al., 2011). Hence, from an economic perspective, gaps in the 
workforce should result in increased salary levels and higher vacancy rates in positions, which is certainly not the 
case for the natural and physical sciences field in Australia, with the exception of mathematics. 
Importantly, Australia is not alone with similar findings reported by Smith and Gorard (2011) in an investigation 
of the educational trajectories of engineering graduates in the UK. They found that less than half of graduates who 
reported an occupation six months after completing their university degree were employed directly in a position 
related to that degree. Furthermore, slightly less than a quarter of newly qualified engineers reported annually that 
they were employed in non-graduate and unskilled jobs. Smith and Gorard (2011, p. 171) concluded that it is “not 
easy or automatic for qualified engineers to get related employment in the UK, despite purported shortages”. 
In the US, Charette (2013) reported that wages in the US have stagnated since 2000 for employees in the 
computing and mathematics fields. More broadly, workers within the STEM pipeline from recent graduates to mid 
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and late-career PhDs were struggling to find employment as companies like IBM and Boeing retrenched thousands 
of STEM employees. As found in the UK, a study by the National Science Foundation identified that 20% of 
graduates with master and bachelor degrees in STEM fields were working in non-STEM positions two years after 
graduating while 58% of graduates had left the STEM field totally after 10 years. 
5. Conclusions 
STEM is a critical area if we are to meet the challenges of the future. In Australia, the current government 
rhetoric about the falling participation rates in the sciences and impeding shortages across STEM is confusing given 
the lack of consistency in the data. Importantly, the ambiguous and often contradictory data that are reported in 
government and industry documentation simply do not align to the experiences of the general population who are 
witnessing (often first-hand) the closure of significant STEM-related manufacturing companies across Australia. As 
discussed in this paper, similar evidence is available for the US and UK. It is imperative that if we are to ensure an 
appropriate breadth and depth in our workforce, government and industry stakeholders must access and 
communicate appropriate data that are consistent and uniform in the way in which STEM is defined using analyses 
that provide clarity thereby dispelling the current ‘smoke and mirrors’ that potentially cloud the area presently. 
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